Cholecystitis is one of the common surgical indications affecting human beings in many countries. A variety of infectious agents can be associated with acute or chronic acalculous cholecystitis, especially in HIV/AIDS patients. In this investigation, the authors aim to describe two cases of histologically and molecularly documented cystoisosporiasis (syn. isosporiasis) as the cause of chronic acalculous cholecystitis in two immunodeficient patients. During microscopic examinations of more than 2500 diarrheic patients' samples, 11 cases of cystoisosporiasis-related recurrent persistent/chronic diarrhea were detected. A review of the medical records of Cystoisospora belli (syn. Isospora belli)-positive patients showed that two of them, i.e. a patient with prolonged corticosteroid therapy and an AIDS patient, several months prior to fecal examinations had undergone cholecystectomy due to acalculous cholecystitis. The study was continued by a review of the histopathological investigation of the recuts prepared from the excised gallbladder tissue sections and stained with hematoxylin and eosin in order to detect a possible specific clinical correlation with cystoisosporiasis. Light microscopic examination revealed the presence of various developmental stages of a coccidial parasite, namely Cystoisospora belli, in both patients' gallbladder tissue sections. To the best of our knowledge, C. belli-associated cholecystitis has not been previously reported in a patient with prolonged corticosteroid therapy.
Introduction
Cholecystitis is a common disease in many countries, often requiring surgical treatment. A variety of infectious agents may be associated with acute or chronic acalculous cholecystitis, especially in HIV/ AIDS patients. Unfortunately, in as many as half of cases, no microorganisms can be identified by pathological examination [1] .
Since the first description of acalculous cholecystitis with an abnormal biliary tree in an AIDS patient in 1983, AIDS cholangiopathy, a group of biliary disorders characterized by cholangitis and acalculous cholecystitis, has been a clinically significant problem for which the etiology remains obscure [2] . AIDS cholangiopathy is now recognized to result from opportunistic infections within the biliary tree. In general, the opportunistic pathogens most commonly associated with acute or chronic acalculous cholecystitis are Cytomegalovirus and Cryptosporidium. However, the potential cause of the disease is not identified in as many as 50% of cases [3] . Recently, Sarcocystis has also been reported to be pathogenic in one case of AIDS-related acalculous cholecystitis [4] .
In this investigation, the authors aim to describe two cases of histological and molecular documented cystoisosporiasis (syn. isosporiasis) as the cause of chronic acalculous cholecystitis in two immunodeficient patients.
Material and methods
From May 2008 to September 2015, stool samples with unknown etiology from more than 2500 subjects (from diarrheic infants to elderly patients) were obtained and investigated using the direct cover glass mount, concentration technique and Kinyoun's acid-fast stain to determine parasitic etiology at the Parasitology Laboratories of Shiraz and Fasa Universities of Medical Sciences, Fars province, Iran. The doubtful cases were also ruled out by using Cystoisospora belli-specific PCR.
Prior to fecal examinations, two of these patients had undergone cholecystectomy due to acalculous cholecystitis with unknown etiology. The renewed investigation was made by a review of histopathologic examination and imaging studies as well as nested-PCR techniques on the residual paraffin-embedded biopsy tissues by using specific primers of the coccidian protozoan parasites [5] .
Results
During microscopic examination and Cystoisospora belli-specific PCR, in addition to the presence of other intestinal parasites, oocysts of C. belli were detected in fecal smears prepared from 11 (i.e., 2 solid organ transplant recipients, 3 cancer patients receiving antineoplastic chemotherapy, 5 AIDS patients and 1 patient on prolonged corticosteroid therapy) patients (Fig. 1A-D) . A review of the medical records all of the cystoisosporiasis-positive patients, in order to detect a possible specific clinical correlation with C. belli, showed that they were all immunocompromised persons. The slides examined for molecular investigation were recuts prepared from the original paraffin blocks, and no original slides were used. To do this, DNA was extracted from the rest of the residual paraffin-embedded gallbladder tissues and amplified with primers to the small subunit-ribosomal DNA (SSU-rDNA) genes of C. belli.
Investigations by histopathology, ultrasonography and computed tomography showed distended gallbladders with thickened walls and without calculi. Light microscopic examination of histopathological slides revealed the presence of various developmental stages (immature oocysts, zoites, schizont, etc.) of a coccidial parasite in two gallbladder tissue sections ( Fig. 2A-F) . In total, the microscopic and molecular characteristics of the observed microorganisms are consistent with C. belli (Fig. 3) .
Below, we describe the two cases of chronic acalculous cholecystitis due to C. belli in a 25-year-old woman with prolonged corticosteroid therapy and a 35-year-old man with AIDS.
Case 1
The patient was a 25-year-old woman with a history of prolonged corticosteroid therapy from a rural area of Fars province. She was admitted to the Enteric Protozoology Laboratory, School of Medicine, Shiraz University of Medical Sciences, for stool examination.
She complained of abdominal discomfort and diarrhea. In a direct wet mount prepared from the patient's stool, oocysts of C. belli were seen, but no trophozoite or cyst and ova were detected. Biopsies prepared from the patient's small and large bowels showed nonspecific inflammation without parasitic infection on HE staining.
After concentration by the formol-ethyl acetate concentration technique, apart from C. belli (Fig. 1A) , no pathogenic parasites were seen. The foul-smelling, pale yellow and liquid was suggestive of malabsorption. The patient was treated with Co-trimoxazole. The diarrhea ceased within 3 days of starting treatment. Unfortunately, the patient did not return for treatment follow-up.
Prior to fecal examination by the authors, due to symptoms and signs of cholecystitis, e.g., the tender right upper quadrant, low-grade fever, nausea, vague abdominal pain, diarrhea, belching, and elevated alkaline phosphatase, the patient had undergone cholecystectomy. Our patient had presented to a local hospital of Shiraz City, Iran, about 12 months earlier. An ultrasound of the right upper quadrant had showed thickening of the gallbladder wall with no stones, pericholecystic fluid, or dilation of the bile ducts. No pathogenic parasites had been detected in repeated microscopic examinations of the patient's fecal samples. Re-examination by light microscopy of hematoxylin and eosin stained sections of the patient's gallbladder showed unsporulated oocysts of a coccidial infection, suggestive of C. belli (Fig. 2B) .
Case 2
In June 2010, a 35-year-old man was admitted to a local hospital, with an episode of abdominal pain, vomiting, and diarrhea. Abdominal ultrasound showed a thick-walled gallbladder without stones and a dilated bile duct. Abdominal computed tomography also showed a dilated common bile duct without stones, mass, or chronic pancreatitis. In addition, serum liver enzymes were mildly elevated. Laparoscopic cholecystectomy for presumed cholecystitis showed a grossly thickened gallbladder wall. Moreover, routine histologic sections demonstrated Nevertheless, no pathogen was identified on hematoxylin and eosin stain. Unfortunately, due to lack of experienced personnel, the cause of the diarrhea was undetermined since repeated stool examinations revealed negative results. Of course, the clinical course after cholecystectomy was favorable.
About six months later, due to sudden onset of severe diarrhea, his stool sample was sent to the Parasitology Laboratory of Shiraz University of Medical Sciences to rule out any parasitological etiology. Also, during a histopathologic review of the gallbladder, infection with Cystoisospora belli was diagnosed on sections stained with hematoxylin and eosin and then confirmed by a C. belli-specific nested PCR of recuts from the paraffin block [4] .
In all the developmental stages, a number of parasites with distinctive features of C. belli were seen within parasitophorous vacuoles in the cytoplasm of a number of epithelial cells. In addition, a number of nonsporulated (immature) oocysts of C. belli, as elongated intracellular parasites, were observed in longitudinal sections which appeared rounded on cross-sections ( Fig. 2A, C, D) . They show structures that are characteristic of a coccidian parasite. Intracellular elongated banana-shaped zoites of C. belli were present within the cytoplasm of the epithelial cells (Fig. 2E) . In hematoxylin and eosin, they appeared as stained structures with a small central nucleus surrounded by clear paranuclear spaces (Fig. 2E) . Furthermore, light microscopic investigation of the gallbladder mucosa revealed intracellular stages of the schizogony cycle of the parasite (Fig. 2F) . However, parasites were not found in the lamina propria. Marked lymphocytic depletion was seen in the examined gallbladder wall. A DNA fragment of the expected size (~450 base pairs) was amplified from the patient's specimen, but not from the negative control (Fig. 3) . Also, further investigations on the patient's medical file demonstrated that he was HIV positive. Unfortunately, he had been lost to follow-up by the time these results were obtained, and his CD4 lymphocyte count was unknown.
Discussion
Infections with Cystoisospora belli have been reported worldwide, usually as sporadic cases or as small clusters of cases in parasitological surveys [6] . It has been found that in tropical and subtropical countries, human C. belli is a prevalent cause of chronic gastroenteritis in individuals with acquired immunodeficiency syndrome [7] . Despite its worldwide distribution, cystoisosporiasis has not been well studied in Iran, and to date, human coccidiosis resulting from C. belli is a rare infection in Iran. In 1961, the first human enteric cystoisosporiasis in Iran was reported in a 5-year-old girl from Tehran [8] . The second case of intestinal cystoisosporiasis was reported in a 9-yearold Iranian girl from Mashhad [9] . Another rare case of the disease was reported by other workers in a pediatric AIDS patient with severe persistent diarrhea in Iran [10] . Until now, there has been no report of C. belli extraintestinal infection from Iran. In this study, prior to fecal examination by the authors, the 11 patients had recurrent diarrhea of several months' duration for which no cause had been found in repeated stool examinations and small-bowel biopsies.
This member of Coccidia is now classified under the species C. belli because it can have extraintestinal tissue stages [11] . In general, the infection is acquired by the fecal-oral route through ingestion of infective oocysts in contaminated water or on contaminated fruits and vegetables. The common habitat of C. belli is the epithelial cells of the small intestine [12, 13, 14] . After ingestion of mature oocysts with food or water, the sporozoites are released in the intestinal lumen, enter the epithelial cell, and develop in the cytoplasm. The differences between Cryptosporidium and C. belli are that the latter develops in the cell cytoplasm and the oocyst is unsporulated (not infective) at the time of evacuation with feces and develops to form an infective stage containing two sporocysts in the environment [12, 13, 14] . However, person-to-person transmission is unlikely because C. belli oocysts are not infectious at the time of passing via stool and require a developmental period in the environment [12, 13, 14] . Cystoisosporiasis is a cause of diarrhea seen with increasing frequency in immunosuppressed or immunocompromised patients [15] . The infection is usually more severe and may be fatal in immunocompromised patients [15] . In patients with HIV/AIDS, C. belli often produces watery diarrhea and abdominal pain. C. belli has been observed in patients with concurrent Hodgkin's disease, non-Hodgkin's lymphoproliferative disease, human T-cell leukemia virus type 1-associated adult T-cell leukemia, and acute lymphoblastic leukemia. These patients respond to specific anti-C. belli treatment [15] . The diagnosis is most commonly made by identification of C. belli by microscopic examination of fecal samples or biopsy specimens. C. belli can cause diseases with relatively few stages of the parasite being present and can be missed on biopsy. Familiarity with the appearance of the stages is far more useful in locating them in histological samples; many parasites will be in vacuoles, making them readily identifiable [7, 11] .
Unfortunately, the incidence of gallbladder cystoisosporiasis is not known. Human acalculous cholecystitis due to C. belli infection was first reported in 1994 from a 39-year-old homosexual man with HIV, and histopathological investigation of the gallbladder specimens stained with hematoxylin and eosin stain revealed chronic inflammation along with stages of development with distinctive feature of C. belli in the thickened wall [16] . Diffuse biliary cystoisosporiasis has been also reported in a West African man who presented with acute illness and dilated bile ducts, and unknown HIV status [17] . The first case of Sarcocystis-related human non-calculous cholecystitis worldwide was reported in 2014 in an AIDS patient [4] .
In the specimen of our cases, both the asexual and sexual stages of C. belli were identified, demonstrating that active, replicative infection in the gallbladder epithelium that can occur independent of overt intestinal disease. The microscopic patterns described previously by non-Iranian workers in the gallbladder and bile duct specimens of two cases are remarkably similar to the two observed in our patients [16, 17] . Also, the molecular characteristics of these microorganisms corresponded to C. belli. Cystoisosporiasis-related cholecystitis has been postulated to occur via dissemination from the gastrointestinal tract. We suggest that C. belli may reach the gallbladder as a result of contiguous spread from the gastrointestinal tract.
Cystoisosporiasis is easily overlooked on light microscopic examination of tissue biopsy specimens. Intestinal lesions induced by C. belli in immunocompromised patients are usually similar to those in immunocompetent patients [15] . C. belli microorganisms have been observed within parasitophorous vacuoles in the cytoplasm of epithelial cells of the gastrointestinal tract [7] . Therefore, familiarity with the appearance of the stages is far more useful in locating them in histological samples; many parasites will be in vacuoles, making them readily identifiable [7, 11] .
To identify cystoisosporiasis, a pathologist must often be aware of the possibility of finding this microorganism [18] . Attention should be directed to the epithelial mucosal surface of the organ in question. With the incidence of HIV/AIDS anticipated to increase in the future, it is likely that the incidence of C. belli infection will also increase. When a patient with HIV/AIDS status or an immunosuppressed condition and recurrent diarrhea develops acalculous cholecystitis, we propose that infection with enteric opportunistic coccidian parasites be included in the differential diagnosis.
We suspect, furthermore, that this small group of patients may be the tip of the iceberg, with many more patients remaining undetected. Cystoisosporiasis can be suspected when compatible symptoms of gallbladder infection are present in conjunction with a history of recurrent and profuse loose stool or watery diarrhea in an endemic area.
To the best of our knowledge, this is the first report of cystoisosporiasis-related cholecystitis documented in a patient with prolonged corticosteroid therapy. Also, we believe there is a remarkable feature in the present cases, which make them unique. Firstly, histopathologic examination of excised gallbladders revealed various development stages of C. belli. Secondly, a notable difference in the light microscopic findings in these two patients is the presence of more than one zoite in the tissue cyst observed in tissue sections.
Conclusions
This study describes two cases of cystoisosporiasis as the cause of chronic acalculous cholecystitis in two immunodeficient patients. Also, these data raise the possibility that cystoisosporiasis of the gallbladder may be more prevalent than is generally appreciated. So, it is important that specialist physicians and pathologists become aware of this coccidian infection, since the number of patients with this infection is likely to increase in the near future.
